Pyrrolic and N-oxide metabolites formed from pyrrolizidine alkaloids by hepatic microsomes in vitro: relevance to in vivo hepatotoxicity.
An analytical method of improved sensitivity has enabled measurements to be made of N-oxide as well as pyrrolic metabolites formed from a range of unsaturated pyrrolizidine alkaloids in hepatic microsome preparations. Using microsomes from livers of phenobarbitone-pretreated male Fischer rats, all 13 alkaloids tested were metabolised to both N-oxides and pyrroles. The most lipophilic alkaloids gave enhanced rates of metabolism. No consistent relationship existed between rates of N-oxide and of pyrrole formation. The two pathways appeared to be independent. The ratio of N-oxide to pyrrolic metabolites varied, depending on the type of ester: it was highest for 'open' diester alkaloids, lowest for 12 membered macrocyclic diesters and for monoesters. Steric hindrance by the acid moiety could account for these differences, by affecting the balance between microsomal oxidation of the amino alcohol moiety at the nitrogen and C8 positions respectively and could explain the high pyrrole yields given by some macrocyclic diesters. The levels of pyrrolic metabolites bound to liver tissues and responsible for hepatotoxicity in rats given pyrrolizidine alkaloids, did not necessarily reflect the rates of formation of such metabolites measured in vitro. In the animal additional factors could influence the formation and tissue binding of pyrrolic metabolites, including the detoxication of alkaloids by hydrolysis and the chemical reactivity and stability of the toxic metabolites. A comparison of heliotridine esters with retronecine esters showed that the 7-hydroxyl or -ester configuration had a relatively small influence on the balance between formation of pyrrolic metabolites and detoxication by N-oxidation. The results did not support any hypothesis that heliotridine esters should generally be more hepatotoxic than analogous retronecine esters. The structure of the acid moiety was likely to have at least as much influence on toxicity as the base configuration.